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RULE 132 DECLARATION OF DAVID A. SLEPER 

1 . This Declaration is being submitted to present certain information for the 
Examiner's review. This information traverses obviousness rejections found in the 
Office Action dated October 18, 2006. 

2. My name is David A. Sleper and I am named as a co-inventor in this 
application. I am employed by the University of Missouri in Columbia, Missouri. 

3 . Exhibit A attached to this Declaration is my curriculum vitae summarizing 
my educational background and work experience. 

4. I have reviewed the present claims and the Office Actions dated June 17, 
2005, February 28, 2006 and October 18, 2006. 

5 . Exhibit B attached to this Declaration is a paper by Qiu et al. (Theor. 
Appl. Genet (1999) 98: 356-64). I was a co-author of this paper. This paper reports 
results from a study designed (1) to identify DNA markers that are linked to soybean cyst 
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nematode (SCN) resistance and (2) to identify DNA markers that are associated with seed 
protein and oil concentrations. While some DNA markers (e.g., B072) were found to be 
linked to genetic loci controlling both SCN resistance and seed protein or oil 
concentrations, other DNA markers (e.g., T005) were only associated with loci 
controlling SCN resistance, yet other DNA markers (e.g., B148) were only associated 
with loci controlling seed protein or oil concentrations. The conclusion of this paper is 
that these various DNA markers may be used to help select for strains with desirable 
traits such as SCN resistant and high seed protein concentration. However, this paper 
does not describe or suggest that a soybean strain's seed protein or oil concentration may 
be relied upon to predict the SCN susceptibility of the strain. This is because traits such 
as SCN resistance and seed protein or oil concentration may be controlled by more than 
one gene. See e.g., page 362, column 2, lines 21-24 of this paper. The paper does not 
show that IR spectra associated with seed protein or oil concentration is linked to SCN 
resistance. 

6. The present application discloses a new methodology that uses spectra 
readings from soybean seeds to predict SCN susceptibility based on a predictive model 
that is constructed based on similar spectra readings from soybean strains with known or 
measurable SCN susceptibility. At the time of the present invention, no methodology 
was available to predict SCN resistance based on seed protein or oil content. Qiu et al. 
does suggest the use of DNA markers to help select for strains that are SCN resistant, but 
Qiu et al. never come close to suggesting that protein or oil content can be used to select 
for SCN resistant strains. 
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7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001, and 
that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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My lab is involved in the breeding and genetics of soybean. Research emphasis is placed on 
developing cultivars, germplasm and breeding methodologies to screen for resistance to the 
soybean cyst nematode. Considerable emphasis is placed on mapping QTLs that are 
associated with resistance to the soybean cyst nematode. We have evaluated genotype x 
environmental interactions for isoflavone and saponin concentrations in elite and wild 
germplasm of soybean. We have developed many breeding lines and cultivars that are resistant 
to the soybean cyst nematode. Some of these lines have resistance to Phytophthora root rot as 
well. We have developed experimental soybean selections containing various modifications of 
fatty acids. We have developed experimental soybean selections of tofu, natto, and high protein. 

• Served as President of the Crop Science Society of America in 2000. The Crop 
Science Society of America is a scientific organization with approximately 4,000 
members from over 100 countries. 

• Served as a consultant to Forage Genetics International, Inc. and to the Noble 
Foundation on issues associated with plant breeding. 

• Coauthor of an undergraduate text in plant breeding entitled, "Breeding Field Crops". 
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• President of the American Society of Agronomy in 2005-06. ASA has over 1 1 ,000 
members from over 100 countries. 
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Abstract Soybean cyst nematode (SCN), Heterodera 
glycines Ichmohe, causes severe damage to soybean 
{Glycine max (L.) Merr] throughout North America 
and worldwide. Molecular markers associated with loci 
conferring SCN resistance would be useful in breeding 
programs using marker-assisted selection (MAS) In 
this study, 200 F 2:3 families derived from two contrast- 
ing parents, SCN-resistant 'Peking' with relatively low 
protein and oil concentrations, and SCN-susceptible 
Essex' with high protein and oil concentrations, were 
used to determine loci underlying the SCN resistance 
and seed composition. Three different SCN Race iso- 
lates (1, 3, and 5) were used to screen both parents and 
r 2 ;3 families. The parents were surveyed with 216 re- 
striction fragment length polymorphism (RFLP) 
probes with five different restriction enzymes. Fifty-six 
were polymorphic and contrasted with trait data from 
bioassays to identify molecular markers associated 
with loci controlling resistance to SCN and seed com- 
position. Five RFLP markers, A593 and T005 on link- 
age group (LG) B, A018 on LG E, and K014 and B072 
on LG H, were significantly linked to resistance loci for 
Race 1 isolate, which jointly explained 57 7% of the 
total phenotypic variation. Three markers (B072 and 
K014, both on LG H; T005 on LG B) were associated 
with resistance to the Race 3 isolate and jointly ex- 
plained 21.4% of the total phenotypic variation Two 
markers (K011 on LG I, A963 on LG E) associated 
with resistance to the Race 5 isolate together explained 
14.0% of the total phenotypic variation. In the same 



population we also identified two RFLP markers (B072 
on LG H, B148 on LG F) associated with loci confer- 
" n ? 0/ pr ° r tc , m co » ce ntration, which jointly explained 
il.i /o ol the total phenotypic variation. Marker B072 
was also Jinked to loci controlling the concentration 
ol seed oil, which explained 21% of the total 
phenotypic variation. Clustering among quantitative 
trait loci (QTLs) conditioning resistance to different 
SCN Race isolates and seed protein and oil concentra- 
tions may exist in this population. We believe that 
markers located near these QTLs could be used to 
select for new SCN resistance and higher levels of seed 
protein and oil concentrations in breeding improved 
soybean cultivars. 

Keywords SCN • RFLP . QTL . Molecular 
marker • Soybean 
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Introduction 

Soybean cyst nematode (SCN) is the most widespread 
pest infesting soybean plants. First reported in the 
United States in 1954 (Winstead et al. 1955), the SCN 
has since spread throughout most of the soybean pro- 
duction states. In 1988, the SCN was ranked as the 
number one crop disease in the southern United States 
(Sciumbato 1993). The estimated reduction in soybean 
yield in the United States in 1994 was 1.99 x 10 s tons 
(Wrather et al. 1995, 1997), amounting to approxim- 
ately $438.8 million loss to soybean producers After 
field infestation with SCN, the number of nematodes 
may be reduced by carefully managing crop rotation, 
out it is difficult to completely eliminate them The 
most efficient way to control the infestation of this pest 
is to plant SCN-resistant cultivars. 

'Peking' is an important source of resistance to SCN 
giving resistance to Races 1, 3, and 5. Genetic studies 
have shown that SCN resistance is conditioned by 
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2000 (± 50) eggs were used lo inoculate the roots of each 4-day-old 
seedling using an automatic pipet (Model 40A, Scientific Bcjuipmcnt, 
Baltimore. Md I nsure lelativel iccuratc numbei ml 
females and cysts on all individual plants. Thirty days after inocula- 
tion, white lemalc:, and cysls wen.: dislodged from the roots using 
pressurized water, counted under a stereo-microscope, and then 
converted to index of paiasitism (I Pi values. The number of females 
and cysts hum 5 individuals in each subgroup was averaged and 
used for evaluating the SCN response foj its coi responding lb plant. 

Based on the standard SCN claxsiheati on svsierns (l lolden e! al. 
1970, 1 

Arelli el. al. 1992), the index of parasitism (IP) was calculated as 
follows, and used as bioassav data for regression analysis and 
MAPMAKER/QTL interval mapping. 

^ Mi in n u ,1 i 1 '< in il in i > i . n u 1 in 1 
' 1 in n i 1 i d i 1 1 I 



Seed protein and oil evaluation 

The same, F 2 3 families were used for seed protein and oil evaluation 
These )•' } , families were grown at the Bradford Research Center, 
University of Missouri, at Columbia in 1996. Twenty-five grams of 
dry seed from each of the F 2; , families was used for measuring the 
percentage of protein and oil. These analyses were performed using 
a near-infrared (N1R) food and feed-analyzer located at the IhSDA 
National Center for Agricultural Utilization Kcscaiofi, bcona. Ill 
All individuals with black seed-coat color were re-analyzed by 
grinding seeds into powder to avoid the misreading of extreme data 
by N1R due to the dark pigmentation. The original data of the seed 
protein and oil concentrations from each of the F 2:3 families were 
used for statistical analysis and QTL detection. 



DNA preparation and hybridization ' 

Standard methods were used for DNA preparation (Saghai Maroof 
ct al. 1984). Briefly, young leaf tissues were harvested from the two 
parents anil each oi the 200 F 2 plants and used for DNA extraction 
and marker identification. Two-hundred and sixteen RFLP probes 
were used for screening both parents. The desirable clone/enzyme 
combinations from the screenings were selected for Southern hybrid- 
ization in the 200 F 2 populations. DNA probes used in this study 
were initially developed by P. Keim and R. C. Shoemaker (Jowa 
Stale University, USDA-ARS, Ames, Iowa), and purchased from 
Biogenetic Services, Brookings, S.I). These inserts were recovered 
either by polymerase chain reaction (PC Rl amplification (Saiki et al. 
1988) or by stab-culturing and plasrnid mini-preps. All DNA sam- 



ples extracted from each of the 200 F, individuals were digested 
using five different restriction enzymes, EcoRl. EeoRV, Hmdlil, 
Dial, and Taql. Digested DNA fragments were separated by 10 g/1 
(1.0%) agarose gel electrophoresis and transferred onto MSI mag- 
nacharge Nylon membrane (Micro Separations, West borough, 
Mass.) using the method adopted by Southern (1975). Procedures 
for oligo-labelling were based on the methods of Fcinberg and 
Vogelstein (1983). 



Data analysis 

Two-way regression analyses (SAS 1990) were performed to detect 
the association between restriction fragment length polymorphism 
(RFLP) markers and loci controlling resistance to SCN Race iso- 
lates, and QTL conferring protein and oil concentrations. Coeffi- 
cient of regression (IC) values were used for estimating the amount 
of phenotypic vaiiatiou explained by the associated molecular 
markers. 

Computer software MAPMAKER/EXP 3.0 (Lincoln et al. 1993) 
was used for determining genetic linkage and distance between 
dilfei nt UNA market 111 ma mum li I h d analysis of 

the segregation for the RLLP-iuarker patterns in the F, populations. 
MAPMAKER/QTL 1.1 (Lincoln and Lander 1990) was used for 
scanning the QTLs in each linkage group of the genome. A LOD 
(logarithm of odd) score of 3.0 was set as the threshold in declaring 
linkage between a marker and a QTL. The position of the QTL 
relative to its nearby markcrfs) was estimated based on the peaks 
from MAPMAKER/QTL scans. 



Results 

Distribution of SCN scores and seed compositions 

The mean IP values of the F 2:3 families for Races 1, 3, 
and 5 isolates were 31.9, 41.8, and 32.7, respectively 
(Table 1). Based on the untransformed data, the distri- 
butions of Races 1, 3, and 5 were abnormal (Race 1: 
W = 0.9449, P = 0.0001; Race 3: ^= 0.9346, P = 
0.0001; Race 5: W = 0.8694, P = 0.001), with a slight 
shifting to the low cyst frequency side (Figs. 1A-C). 
After square-root transformation of the SCN score 
data, Races 1 and 3 showed a normal distribution with 
W= 0.9786, P= 0.2463 and FK= 0.9827, P= 0.6819, 
respectively. However, the transformation of the SCN 



Table 1 Mean and standard 
devi ation (SD) of SCN scores a 
soybean protein and oil 



seed compositions 



Race 3 

Seed compo.sitioi 
Protein (g/kg) 
Oil (g/kg) 



308.25 
117.27 
201.50 



27.02 
25.96 
20.51 



31.88 
41.80 
32.74 



38.90 
39.82 
25.47 



• b Mean IP values of SCN scores for Race isolates 
' c Mean seed composition, 
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Fig. 1 A Frequency of distribution of the index of parasitism (IP) for 
SCN Race 1 among 200 F 2 ., families. The mean SCN score for 
'Peking' was 0.60 (IP = 0.19) and for 'Essex' 79.00 (IP = 100). 
It Frequency of distribution of the index of parasii ism (I P) for SCN 
Race 3 among 200 families. Tiie mean SCN score for 'Peking' 
was 0.25 (II' 0.22! and for I s e\' 308.2s ( jp , ] n ( ] ,, |, UlL ., 
of distribution of the index of parasitism (IP) for SCN Race 5 among 
200 F 2 3 families. The mean SCN score for 'Peking' was 1.00 
(IP = 0.43) and for 'Essex' 246.00 (IP = 100) 



score data for Race 5 did not achieve the normalization 
(Fig. 1C), with significant skewness ( — 0.3529) and kur- 
tosis (-0.7932) remaining and W= 0.9387, P = 0.0020. 

The protein concentration data showed an approx- 
imately normal distribution (Fig. 2A), with W = 0.9675 
and P = 0.0898. The frequency distribution of the orig- 
inal data from oil concentration was not normal with 
significant skewness (1.3736) and kurtosis (5.6614), 
W = 0.9314 and P = 0.0001 (Fig. 2B), but the square- 



25 - A 



20 
■5.15 




Seed protein concentration (g/kg) 



14 -r B 

12- 



10 




Seed oil concentration (g/kg) 



Fig. 2 A Frequency of distribution of seed protein conocMralion 
among F 2:3 families. The mean seed protein concentration for 'Pe- 
king' was 405.67 g/kg and for 'Essex' 425.67 g/kg. li Frequency of 
tn i i i i I il n mi li mi i I ] uili Iii m 
seed oil concentration for 'Peking' was 164.67 g/kg and for 'Essex' 
194.00 g/kg. 



root transformation normalized the original data, with 
1^= 0.9621 and ? = 0.0329. 



RFLP linkage map 

A total of 216 RFLP probes were screened, and 56 
were found to be polymorphic between parental lines. 
These polymorphic probes were further surveyed 
among the 200 F 2 individuals. The computer program 
MAPMAKER/QTL was used for anchoring the poly- 
morphic markers, first then the anchored RFLP 
markers were used to identify the possible linkage 
groups based on information provided by the public 
soybean RFLP linkage map (Shoemaker and Specht 
1995). Since there were only limited polymorphic 
markers in this study, the linkage map was generated 
tentatively, and only markers that were significantly 
associated with resistance to SCN or seed composition 
are presented (Table 2 and Fig. 3). 
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Table 2 


Molecular i 


larkcrs significantly (J' < 0.01) associated with 




o SCN Race 1. 3 and 5, isolates and seed composition 


Loci 


LG" 


R 2 


P > F 


Sources b 


D/A ratio 




Alellic means' 


















A 


H 


B 


Race 1 
A593 
AO IS 

11072 
K.014 


15 

E 

H 
H 


0.21 
0.16 
0.15 
0.13 


0.0001 
0.0001 
0.0001 
1: 


Peking 
Peking 


-0.12 

0.07 
-0.14 


Additive 

Additive 
Additive 


19 

22 
13 


30 

(25)" 

29 
19 


39 
35 


B072 
K014 
TOO 5 


H 
II 

B 


0.13 
0.09 
0.09 


0.0030 
0.0030 
0.0009 


Peking 
Peking 


- 0.65 

- 0.21 

- 0.09 


Partial Dominance 
Partial Dominance 
Additive 


41 
40 
43 


47 
51 
53 


75 
68 
65 


Race 5 
K.011 
A963 


I 

E 


0.11 

0.09 


0.0010 
0.0062 


Peking 


- 0.77 


Partial Dominance 


25 


30 

(33)" 


70 


Protein 

B072 

B148 


H 

F 


0.32 
0.17 


0.0018 
0.0001 


Essex 


0.20 
0.50 


Additive 

Partial Dominance 


46 
45 


43 
42 


41 
41 


Oil 
B072 


H 


0.21 


0.0020 




0.00 


Additive 


17 


18 


19 



"Soybean genome linkage go nip 
''Souices of favorable alleles 

C A, Homo/\j is alleles for lesistancc to SCN a i i level of seed protein concentration or lower level of oil concentration, H, 
i 1 k t i v 4 i Mi i i seed composition, B, homozygous alleles for susceptibility to SCN and lower level of seed p: otcin 

concentration or higher level of oil concentration 

d Including boll 1 i ml horn i ill 1 I i i i i S i 1 composition 




5.5 65.7 21.4 13.2 
LG H 1 — I 1 1 1- 

K014 B072 A130 A036 A132 



Fig. 3 MAPMAK l-R-QTI scans of the genomic regions on LG 
11 covering SCN resistance loci for Races 1 and 3 isolates in a 
'Peking' v 'Essex' population. Pilled rectangle represents putative 
QTEs conferring SCN resistance to Races 1 and 3 isolates. Distances 
are given as Haldane centiMorgans (cM) 



RFLP markers associated with SCN resistance 

Associations between DNA markers and SCN resist- 
ance or seed composition were evaluated using both 
original and square-root transformed data in ANOVA 
and MAPMAKER/QTL analyses. Since the calculated 
R 2 values between the original and transformed data 
(data not shown) were not changed substantially, all 
results of the associations between DNA markers and 
traits using untransformed data are presented. 

Five RFLP markers (A593, A018, T005, K014, and 
B072) were significantly associated with resistance to 
the SCN Race 1 isolate. Together they explained 57.7% 
of the total phenotypic variation (Table 3). Three 
markers (B072, K01 4, and T005) were significantly lin- 
ked to resistance for Race 3 isolate (Table 2), jointly 
explaining 21.4% of the total phenotypic variation. 
Two markers (K011, and A963) were associated with 
resistance to SCN Race 5 isolate (Table 2), accounting 
for 14.0% of the total phenotypic variation. In this 
population it was found that all favorable alleles of 
resistance to SCN Races 1, 3, and 5 came from 'Peking' 
(Table 2), suggesting that 'Peking' is the donor of the 
resistance source. 

On linkage group H, MAPMAKER-QTL scans 
showed one LOD peak near marker B072 for the QTL 



361 



Table 3 Combinations of RFLP 
markers and slepwise regression 
analysis for selected 
Fj individuals foj 'Peking' and 
I iiil 1 1 i ) ■ an 1 " ' ' 

Race 1 isolate 



.oinmiiat 


lons of m 









/'-test 






A 593 


AO 18 


T005 
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2 


... 










19 Of 


0 0001** 


















0 90V 
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00001** 
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+ 


+ 






+ 


J-; s ' 






+ 




+ 


+ 






rt'nnm** 


n/707 


+ 




+ 




+ 


11(19 
J ' 


r mm** 












+ 




nnnm** 


nvsH 




+ 


+ 
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0 2758 
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_ 
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8.54 


0.0001** 


0.2403 




+ 




+ 


+ 


3.55 
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conditioning resistance to Race 1 isolate (LOD = 5.0), 
and another peak on the other side of the same marker 
(LOD = 7.5) conditioning resistance to Race 3 isolate 
(Fig. 3). This indicated the locations of putative 
QTLs for resistance to SCN Race 1 and 3 isolates in 
'Peking'. 

Molecular markers that were associated with resist- 
ance to Race 1 showed additive gene action (Table 2). 
RFLP markers linked to Races 1 and 2 showed mostly 
partial dominance gene action except marker T005, 
which showed additive gene action. 



Associated RFLP markers for protein 
and oil concentrations 

RFLP marker B072 (LG H) was found to be signifi- 
cantly linked to protein concentration (R 2 = 32%, 
P < 0.0018). Marker B148 (LG F) was also associated 
with protein concentration with a R 2 = 17% and 
P < 0.0001 (Table 2). These two markers jointly ex- 
plained 33% of the total phenotypic variation. Marker 
B072 (LG II) was shown to be linked to loci governing 
oil (R 2 = 21%, P = 0.0020) and protein concentrations 
(Table 1). 

In this study, soybean seed protein concentration 
was found to be inversely correlated with seed oil con- 
centration, with a correlation coefficient r = — 0.8860 



(R 2 - 0.7850, P= 0.0001). This finding is consistent 
with the results from a study by Lark et al. (1994). 

Molecular markers B072 (LG H) and B148 (LG F) 
had additive and partial dominant gene actions, respec- 
tively, in determining protein concentration. The 
sources of the favorable alleles for protein and oil 
concentrations in this study are all from 'Essex' 
(Table 2), implying that 'Essex' could be a potential 
source for breeding high levels of seed protein and oil 
concentrations. Compared with the parents, some het- 
erozygous individuals in the F 2;3 progenies had ex- 
treme pheno types exceeding those of the parental 
values (Table 1). This transgressive segregation pattern 
suggests that both parents might have beneficial alleles 
at different loci controlling protein and oil concentra- 
tions, which could allow their progenies to be valuable 
sources of new germplasm in breeding cultivars with 
high protein and oil concentrations. 



Discussion 

Clustering of QTL 

The clustering of QTLs has reported for a number 
of crops (Martin et al. 1993; Mansur et al. 1996; 
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McMullen el. al. 1995; Chang ct al. 1997). Clusters of 
QTLs may also exist in this population. We found that 
five RFLP markers, located in LG B, E and H, were 
associated with loci controlling resistance to the SCN 
Race 1 isolate (Table 2). Anion" these 5 markers, three 
(B072 and KOI 4 on LG H, T005 on LG B) were also 
linked to loci conferring resistance to the Race 3 isolate 
but not to the Race 5 isolate. The marker B072 on LG 
H was associated with both, resistance loci to SCN 
(Races 1 and 3 isolates) and QTLs governing protein 
and oil concentrations ('Table 2). The genomic region in 
LG H may contain a cluster of unique, but closely 
adjacent QTLs conferring traits. The possibility of 
pleiotropism among loci for SCN resistance to different 
Races was not eliminated in this population. In fact, 
MAPMAKER/QTL scans showed that the locations of 
QTLs conferring SCN resistance to both Races 1 and 
3 isolates traversed across marker B072 (Fig. 3), sug- 
gesting the possible existence of a pleiotropic effect of 
a. single gene for resistance to both Races 1 and 3 iso- 
lates. Data from regression analysis between mean IP 
scores from Race 1 and Race 3 isolates supported both 
the hypotheses of pleiotropism and clustering of Q I I. s 
(ft 2 = 8.05%, P = 0.0001). 



Genetic variation of SCN QTLs 

Several DNA markers have been reported to be asso- 
ciated with SCN Race 3 isolate in LGs A, G, and M in 
different populations (Webb et al. 1995; Concibido 
et al. 1996), including populations involving cv 'Peking' 
(Mahalingam and Skorupska 1995) or Forrest (Chang 
et al. 1997), a 'Peking'-derived SCN-resistant cultivar. 
Our results showed that DNA markers linked to resist- 
ance loci for SCN Races 1 and 3 isolates were involved 
in LGs B, E, and H. The different locations for the SCN 
resistance QTLs we identified in this population may 
indicate the existence of unique resistance loci in our 
soybean lines. 

The genetic variation among QTL for resistance to 
SCN may vary in different populations. Molecular 
marker A006 (LG B) was found to be highly linked to 
a locus conferring the SCN Race 3 inbred isolate 
(ft 2 = 91%, P= 0.0001) in a population 'Williams x 
Hartwig' (Vierling et al. 1996). Concibido et al. 
(1996) showed that marker Bngl22 (LG G) was 
significantly linked to resistance for SCN Race 3 
(ft 2 =28.1%, LOD = 6.94) in a population derived 
from 'Evans x Peking'. However, these two markers 
(A006 and Bngl 22) were not polymorphic in our popu- 
lation when screened using five different enzymes, 
EcoRl, EcoRV, flmdlll, Dral, and Taql Mahalingam 
and Skorupska (1995) reported that RFLP marker 
A136 on LG A2 (ft 2 = 12.5%, P = 0.0001) and pA635 
(ft 2 = 8.0%, P = 0.0001) were significantly linked to 
resistance loci for SCN Race 3 using an F 2:3 popula- 
tion from a cross between 'Peking' and 'Essex'. How- 



ever, these RFLP markers did not reach significant 
levels in our population. The resistant 'Peking' used in 
each population could be different since genetic diver- 
sity among different sources of 'Peking' has been re- 
ported (Skorupska et al. 1994). These variations could 
also result from environmental factors, such as SCN 
screening in the greenhouse or genetic variation among 
SCN populations. 

Mansur et al. (1993) reported that RFLP marker Kl 
was linked to loci controlling oil concentration 
(ft 2 = 11%, P = 0.02), and that marker L48 was asso- 
ciated with loci underlying soybean protein concentra- 
tion (ft 2 = 20%, P = 0.004) in a F 5 population derived 
from a cross between 'Minsoy' (Bernard et al. 1988) and 
'NoirP. We used a different population, derived from 
a cross between 'Peking' and 'Essex', and found two 
different RFLP markers on LG H (B072) and LG 
F (B148) which were associated with loci controlling 
seed protein concentration. Marker B072 was also as- 
sociated with loci conditioning oil concentration 
(Table 2). Data showing different molecular markers in 
different populations may indicate the existence of sev- 
eral different QTLs controlling seed protein and oil 
traits. Genome or population specificity of QTLs for 
soybean seed protein and oil concentrations has also 
been reported in another study (Diers 1992; Lee et al. 
1996). 



Marker-assisted selection 

In breeding improved SCN-resistant cultivars using 
marker-assisted selection, it. is necessary to choose the 
best marker combinations. We estimated the amount of 
phenotypic variations explained by different marker 
combinations for the Race 1 isolate. The efficiency for 
selecting resistant, genotypes was evaluated using vari- 
ous combinations of five selected molecular markers in 
this study (Table 3). The 5 markers associated with 
resistance to the SCN Race 1 isolate could appear in 26 
different combinations. Of these 26 combinations 23 
statistically reached the P < 0.001 level, and two com- 
binations reached the P < 0.005 level in regression 
analysis. The ft 2 values ranged from 12.7% to 36.6% in 
the various two-marker combinations, 13.5% to 42.9% 
in the three-marker combinations, and 25.9% to 68.2% 
in different four-marker combinations (Table 3), indic- 
ating that when different marker combinations are 
used, different efficiencies in marker-assisted selection 
will likely result. A two-marker combination (e.g. A593 
and K014) selected a total of 38 individuals in terms 
of parental genotypes, 20 with 'Peking'-type RFLP 
patterns and 18 with 'Essex'-type patterns, which 
explained 36% of the total phenotypic variation in 
the SCN responses. When a three-marker combination 
(A593, T005, and B72) was used as a selection tool, 
a total of 37 parental types were selected, explaining 
42% of the total phenotypic variation. With a 
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four-marker combination (A593, A018, TOO 5 and 
KOI 4), approximately 68% of the total phenotypic 
variation to SCN reactions was explained. When all 
five markers (A593, A018, TOO 5, B072 and K014) were 
used as a marker-assisted selection tool, 57% of the 
total phenotypic variation was explained (Table 3). 
These data show that different marker combinations 
could have different efficiencies in marker-assisted se- 
lection. In theory, the more markers used the more 
reliable marker-assisted selection would be because 
various markers could simultaneously select desirable 
soybean genotypes based on all these different markers. 
This may eliminate the selection of false positives based 
on only one marker. In breeding practices, considera- 
tion has to be given to the number of markers 
employed and l he efficiency of different murker combina- 
tions. The comparison of efficiencies of different marker 
combinations may provide valuable information on 
choosing desirable marker combinations for optimiz- 
ing marker-assisted selection in soybean breeding 
programs. 
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